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Abstract 
Possible alternatives t o rapid freezing 
in liquid n itrogen of tissue for X- ray microanaly -
sis of electrolytes at the cellular level were 
investigated. These alternatives might be used 
in cases where tissue becomes available for exami-
nation, e. g., at autopsy, but liquid nitrogen 
is not immediately available. Rat submandibula r 
gland was used as a t est tissue. Freezing of 
pieces of tissue in a conventional freezer at 
- 8o 0 c or even at - 20 °c retained the elementa l 
distribution at the cellular level, and also 
retained the difference between a ' normal ' and 
a 'pathological ' (mimicked by an inject ion of 
a high dose of isoproterenol) situation. Sto rage 
of tissue in a refrigerator, or delaying the 
autopsy in anticipation of the arrival of liquid 
nitrogen is not rec ommended . Significan t changes 
in the cellular ion co ntent occurred if the tissue 
was left in the animal for 24h post-mortem. 
Key words : X-ray microanalysis, pathology , autop -
sy, freezing, ion distribution, sodium, ca l cium, 
f i xation , cys t ic fibrosis. 
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Introduction 
A number of diseases is associated with 
an abnormal ion dis trib u ti on at the cellular 
or subce llu lar leve l. Examples of such diseases , 
that have been studied by electron pr obe X-ray 
analysis are cancer (Cameron and Smith 1980, 
Zs. Nagy 1983 , Wroblewski et al. 198 3a), muscu-
lar dystrophy (Wroblewski and Eds tr om, 1984), 
ischemia ( Trump et al. 1979, Osor ni o -Var gas 
et al . 1981 ), and cystic fibrosis ( Roomans et 
al. 1983) . Investigation of abnormal io n dis -
tribution at the subcellular l evel requires 
very rapid freezing of small pieces of tissue 
followed by cryoult r amicro tom y at low temperature 
(Hagler and Buja 1984, Roomans et al. 1982 ) . 
In general, this will require careful prepa r ation 
of tissue removal and freezing, which makes 
it difficult to use this technique in routine 
pathology. 
Analysis at the cellular le ve l may yield 
interesting results , and the preparative re quire-
ments are less s t ringent. Freezi ng can be r ou ti-
nely carried out in liquid n itrogen and sectio-
ning on a conventioncfl cryostat at temperatures 
of about -20 to - 30 C (Wrob lewski et al. 1978 , 
Cameron and Smith 1980, Wroblewski et al. 1983b). 
Nevertheless, a certain amount o f planning still 
is necessary to ensure the availability of liqui d 
nitrogen. 
Since, in our expe ri ence , even th ese modest 
requirements introduce problems when the tissue 
samp l ing, e. g . , at autopsy, has t o be per f or med 
outside a major hospital, we have investigated 
some possible al t ernatives t o immediately free-
zing the tissue i n liquid nitr ogen. In particu-
lar, we have considered the choice between free-
zing with lower speed in a conventional freezer, 
and storing th e tissue at low plus-zero tempera-
tures pri or t o freez ing in liquid nitrogen . 
As a t es t tissue, rat submandibular gland was 
in ves tigated. 
Two c rit er ia may be used t o assess whether 
a particular way of tissue handling can be consi-
dered an acceptable alternative . The first is, 
that the results obtained with this alternative 
technique do n ot , in abs o lute terms, significant-
l y deviate fr om th ose obta ined on tissue frozen 
immediat ely in liquid nitrog e n. The sec ond is, 
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that a pathological change in elemental distribu-
tion is still recognizable. This criterion does 
not necessarily require a retention of the origi-
nal distribution in absolute terms, but only 
that any changes occurring in the 'abnormal' 
tissue during storage can be reproduced in 'nor-
mal' tissue by the same treatment. To investigate 
this, an abnormal element distribution in rat 
submandibular gland was experimentally induced 
by injecting the animals with a high dose of 
isoproterenol. This causes a decrease in Na 
concentration in the acinar cells, and an in-
crease in Ca (MUller et al. 1985), a similar 
deviation from normal as found in fibroblasts 
from cystic fibrosis patients ( Roomans et al. 
1983). 
Materials and Methods 
Female Sprague - Dawley rats (about 200g) 
were used in this study . The experimental group 
(4 animals) received an intraperitoneal injection 
with DL-isoproterenol (50 mg/ kg body weight) 
24h prior to sacrifice. The control group ( 4 
animals) received no injection. After overnight 
deprivation of food, the animals were killed 
with an overdose of sodium pentobarbi tal. The 
submandibular glands were removed and treated 
in the following way : 
( 1) small ( 1- 2 mm3 ) pieces of the gland 
were immediately frozen in liquid nitrogen 
(2) small pieces of the glang were immedia-
tely put into a freezer at -80 C, where they 
were stored for 24h, and then transferred to 
1 iq uid nitrogen 
(3) small pieces of the glang were immedia-
tely put into a freezer at -20 C, where they 
were stored for 24h, and then transferred to 
liquid nitrogen 
( 4) whole glands were stored at +4°c for 
24h, and small pieces of the gland were then 
frozen in liquid nitrogen 
( 5) small pieces of the gland were stored 
for 24h in 0.9% NaCl at +4°c and frozen in liquid 
nitrogen 
( 6) small pieces of the gland were stored 
for 24h in 2. 5% glutaraldehyde in 0.15 M Tris-
citrate buffer pH 7 . 4 and frozen in liquid nitro-
gen. This particular buffer was used because 
it did not contain elements detectable with 
a conventional energy-dispersive X-ray detector. 
Two separate experiments were carried out . 
The right gland in each animal was used for 
treatments (1), (2), (3), (5), and (6); pieces 
were allocated at random to each of the treat-
ments. The left gland of the same animal was 
used for treatment (4) . 
From some animals, the submandibular glands 
were not removed immediately but 
( 7) the animals were stored for 24h post-
mortem at +4°c . The submandibular glands were 
removed and small pieces were frozen in liquid 
nitrogen. Again, two separate experiments were 
carried out. 
For X-ray microanalysis, thick (16 µ m) 
sections were cut on a conventional cryostat 
at - 20 to -25°c, mounted on carbon specimen 
holders and coated with a thin layer of evapora-
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ted carbon (Wroblewski et al. 1978). The instru-
mentation used was a JEOL l00C electron micros-
cope with ASID-4B scanning attachment provided 
with a Kevex 7000 detector / analyzer system . 
Analysis was carried out in the scanning mode 
at 20 kV . Absolute elemental concentrations 
were . calculated by comparison of spectra from 
the specimen with those from a standard consis-
ting of cryosections of a gelatin / glycerol matrix 
containing mineral salts in a known concentration 
(Roomans 1981) . 
Results and Discussion 
Analysis was carried out on the mucous acinar 
cells, one of the three main cell types in the 
submandibular gland . The results of the analysis 
of the control ( uninj ected) animals, summarized 
in Fig . 1, show that · freezing at -8o
0
c or at 
-20°c gave results comparable to those obtained 
from tissue frozen immediately in liquid nitrogen. 
Glands stored at +4°c for 24h were partially 
dried, and the elemental content of the cells 
showed obvious deviations from the normal value. 
Analysis of a large number of animals, ( see e. 
g . , MUller and Roomans 1984) shows that in a 
single animal a deviation from the expected mean 
value of up to 20% for Na, Mg and Ca, and of 
up to 10% for the other elements is acceptable. 
It was attempted to store small pieces of the 
gland at +4°c, but these pieces were so dry after 
storage that sectioning and mounting proved to 
be very difficult. Storing pieces of tissue in 
physiological saline for 24h caused a substantial 
increase in cellular Na and Cl concentrations, 
and a decrease in K concentrations. Fixation 
of tissue caused loss of 90% or more of Na, Cl 
and Kand of 70-80% of the Mg and Ca in the cells . 
In the mucous ac inar cells, the main part of 
the divalent cations is bound to secretory (gly-
co)proteins and hence not as mobil~ as the monova-
lent ions . Postponing the dissection of the ani-
mals for 24h resulted in an appreciable increase 
in Na, Cl and Ca concentrations. 
Analysis of the glands of isoproterenol-trea-
ted animals led to the same conclusion: only 
freezing at -80° or -20°c gave consistent results. 
In Fig . 2 the data for Na and Ca are given. In 
Fig. 3, the retention of the differences between 
control and isoproterenol-treated animals is 
given. Freezing at -80° or -20°c retained the 
differences in Na and Ca quite we16, whereas 
this is not the case with storage at +4 C. 
From these results it may be concluded that 
freezing of pieces of tissue in a conventional 
freezer, preferably at -8o
0
c but even at -20°c 
can be an acceptable alternative to freezing 
in liquid nitrogen if this is not available . 
Tissue treated in such a way can still give mea-
ningful results when X- ray microanalysis is car-
ried out at the cellular level. It is reasonable 
to assume that the same would be true for freezing 
with dry ice, although this was not specifically 
investigated. The acceptability of these alterna-
tives is especially important in the cases of 
rare diseases, where it may be difficult to ensure 
that sampling of tissue is . done under the most 
suitable conditions. 
Storage of tissue for X- ray microanalysis 
600 2: frozen at -80°C 
3: frozen at -20°c 
500 4: stored at 4°C 
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Fig 1. Effects of storage on elemental concentra-
tions in rat submandibular gland acinar cells . 
The results are expressed in percent of the value 
o b tained from tissue frozen directly in liquid 
nitrogen (control , 1). All calculati ons are based 
on concen trati ons in terms of mmol / kg dry wei g ht. 
The numbers r efer to the treatment descri bed 
in Materials and Meth ods . The data are based 
on two separa t e exper im e nts; i n each gland, 8 






Fig 2 . Effects of storage on Na and Ca concentra-
tions in acinar cells of rats injected with iso -
















Fig 3 . Retention of the difference in elemental 
composition of submandibular gland acinar cells 
between control rats and isoproterenol-injected 
rats. The results are based on the data of Figs 
1 an d 2 and were calculated as follows: for Na, 
the ratio of the Na concentration in control 
rats over that in isoproterenol-injected rats 
(1.57) obtained from tissue frozen directly in 
liquid nitr ogen was taken as 100%. The correspon-
di ng rati o for the o ther ways of storage was 
ca l culated relative t o this value . For Ca a simi -
lar method was followed, but here the ratio of 
the Ca concentration in the isoproterenol-injected 
rats over that in the con tr ol rats (1 . 42) was 
used fo r the calculation. 
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Tissue should not e . g ., in anticipation 
of ' proper freezing ' at a later moment, be stored 
in a refrigerator, and particularly it should 
not be stored in a fluid. Storage in saline solu-
tion causes a more extensive ion redistribution 
than 'dry ' storage. In the case of dry storage, 
the cells can only exchange ions with the relati-
vely small volume of tissue fluid; in addition 
this exchange is impeded by the drying of the 
tissue. When the tissue is stored in saline solu -
tion , the cells can exchange ions with a much 
larger volume of fluid. 
It is furthermore evident, that fixation 
o f the tissue is unacceptable. Al though the main 
part of the cellular calcium is bound to secretory 
(glyco)proteins, this does not imply that it 
is resistant to fixation. 
The results clearly stress the importance 
of obtaining tissue as soon as possible after 
death . Post-mortem changes in elemental distribu -
tion wi t hin a few hours have already been demon-
strated previously ( Kuij pers and Roomans 1980). 
Delaying an autopsy in anticipation of t he arrival 
of liquid nitrogen for freezing is therefore 
not recommended . In the present investigation, 
delaying the removal and freezing of the submandi-
bular glands affects primarily the absolute values 
o f the elemental concentrations . However, although 
the difference between tissue from control animals 
and isoproterenol-injected animals can still 
be r ecog nized, the difference in Ca concentrations 
has become smaller, and therefore more difficult 
to detect. 
Pi nally, it should be stressed that for 
analysis at the subcellular level much more 
stringent conditions o f freezing will be required, 
and that the alternative ways of freezing discus-
sed in this paper will only be acceptable for 
analys~s at the cellula r level . 
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Storage of tissue for X-ray microanalysis 
Table 1 
Effects of freezing at -8o 0 c or -20°c on relative elemental concen trati ons 
in rat submandibular gland acinar cells 
Preezing at - 8o0 c Preezing at -20°c 
exp 1 exp 2 mean ~ ~ mean 
Na 76 ± 6 93 ± 3 85 101 ± 11 93 ± 10 97 
Mg 102 ± 13 74 ± 13 88 102 ± 5 96 ± 9 99 
p 96 ± 1 91 ± 10 94 100 ± 2 87 ± 2 94 
s 107 ± 6 99 ± 7 103 125 ± 8 84 ± 3 104 
Cl 96 ± 3 97 ± 5 57 108 ± 3 78 ± 3 93 
K 95 ± 1 93 ± 4 94 96 ± 2 83 ± 2 90 
Ca 92 ± 4 108 ± 13 100 86 ± 9 89 ± 4 88 
Data in % of the control ( frozen in liqu i d nitrogen); mean ± standard 
er ror of 8 cells per experiment 
Discussion with Reviewers 
I . K. Berezesky: Many new analytical techniques 
have recently become available to the pathologist 
for the identification and localization of both 
heavy and light elements in tissue; however , 
when performed using proper instrumental para -
meters and suitable standards, X- ray microanalysis 
can become an invaluable aid both in experimental 
and diagnostic pathology. This is especially 
the case if it can be performed at the cellular 
level using th e less stringent preparative free-
zing techniques as described in your paper. There-
fore, have you analyzed tissue from human surgi-
cals and / or autopsies using either of the two 
freezing techniques you found suitable for the 
preservation of light elements at the cellular 
level? 
Authors: No, until now we have either frozen 
such tissue directly in liquid nitrogen, or , 
when this was not possible, decided not to use 
the tissue for microanalysis. With the support 
of the data obtained in this study, we expect 
to be able to collec t more tissue samples for 
X-ray microanalysis, since the less stringent 
freezing techniques should be practically possi-
ble in almost all circumstances. 
J . A. Chandler: The osmolari ty of the tris buffer 
is the most crucial factor since a hypotonic 
solution will cause rapid loss of elements from 
the tiss u e. There is some difficulty using tris 
with glutaraldehyde because of their reaction 
together. Please comment. 
. Authors: We do not claim that the tris buffer 
is a go o d vehicle for ultrastructural fixation 
but preferred it over e. g. cacodylate or phos-
phate buffer because it does not contain elements 
that interfere with the analysis. The buffer 
may be slightly hypotonic but we do not consider 
this a primary cause of the observed ion loss . 
Loss of diffusible elements from tissue after 
aldehyde fixa t ion has been shown by many authors. 
Even an isotonic (NaCl) solu t ion, as in treatment 
(5), does not retain K particularly wel l. 
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J.A . Chand l er : The figures give no statistical 
deviations, this being v it al for qua ntitative 
evaluation of differences. Please comme nt. 
Authors: The complete data for the two experiments 
using freezing at - 8o0 c or -20°c are given in 
Table 1. In this case, the variation between 
the duplicate experiments is sma l l . In the expe -
riments where considerable changes in elemental 
composition were noted, the dif f erences between 
the duplicate experi ments were occasionally large . 
Since these treatments are definitely not useful 
in practice, we consider the reproducibility 
of the artifact of litt l e importance . 
I.K. Berezesky : Since su it able standards were 
used in your experiments, can you convert the 
per cent value in your graphs to mM/kg dry 
weight? 
A.T. Marshall: Please give actual concentration 
values for the normal gland. 
Authors: The absolute values for the elemental 
concentrations in submandibula r gland ( in mmol/ 
kg dry weight) on which Pigs. 1 and 2 are based 
are given in Table 2. Data based on more exten -
sive material on control animals hav e been pu-
blished elsewhere (MUller and Roomans , 1984). 
In this paper we were mainly interested in chan -
ges and presenting relative concentration changes 
considerably simplified the presenta t ion of the 









Eleme nt al concentrations in rat submandibular 
gland acinar cells 
control isop r otere n ol change ( % ) 
82 52 - 37 
60 67 +11 
616 546 -11 
200 212 + 6 
148 136 - 9 
596 617 + 3 
52 84 +62 
Data in mmol / kg dry weight, mean of tw o animals in 
each group. Onl y th e changes for Na and Ca exceed 
th e experimental error 
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J.A. Chandler: The sections were 16 µm thick, 
frozen. This would mean a spatial resolution 
of at least 8 µ m plus the probe diameter (not 
given) . Can you still consider this t o be a cel-
lular analysis? 
A.T . Marshall: Please provide fur th er details 
of the analytical technique such as the area 
analyzed relative to the total cell area and 
whether nuclei were included . 
Autho rs: The probe diameter ( less than O. 1 µ m) 
is not of any significance for the determination 
of the spatial resolution in this case . In the 
normal gland, the analytical volume comprises 
the major part of the cell and it will, in most 
cases, include at least part of the nucleus. 
The preparation does not allow us to distinguish 
the nucleus visually . In th e isoproterenol-trea-
ted rat, the cells are larger and the volume 
of mucus relative to the cell volume is increa -
sed (MUller et al. 1985). It can be expected 
that t he analysis will comprise relatively more 
mucus and less nucleus than in the control ani -
mals. 
A.T. Marshall: In the case of tissue stored dry 
at 4 C, the co nc entra t ions of all elements de-
cline. Since water is lost, it might be expected 
that at least some elements would increase in 
concentration. Is this apparent decrease in con-
centration simply a peculiarity of variation 
and analytical error or is there some other ex-
planation? 
Authors : In Pig. 2 
mals) the value for 
(isoproterenol-treated ani-
Na in tissue stored at 4°c 
increases. The decrease noted in Pig . 1 for all 
elements is therefore likely to be a pecu li ar it y 
of variation . Since both sections o f control 
and experimental tissue were freeze-dried, loss 
of water during the 2 4h preceding the freezing 
in liquid nitrogen should no t influence the re-
sults. 
A. T. Marshall: I have no doubt that disruption 
of cell ultrastructure by ice crystals would 
be severe when freezing at -8o
0
c or - 20°c but 
can you give some 
damage and whether 
indication of 
any attempt 
the extent of 
at subcellular 
analysis is possible , say from cells on the peri-
phery of the tissue? I assume that for this pur-
pose thinner sections could be obtained . 
Authors : We have not attempted analysis at higher 
resolution because of the expected ice damage; 
thinner sections can, of course, be ob tained, 
and their usefulness would have to be investiga -
ted . 
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